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TAIL PROFILE ON THE HIGH-SPEED LONGITUDINAL 
CONTROL OF A PURSUIT AIRPLANE 

By Charles F. Hall 


SUMMARY 

This report presents the results of high, speed* wind— tunnel 
research on the effects of modifications to the horizontal- -tail 
profile on the static longitudinal stability and control of. a 
pursuit airplane at high speeds. Two symmetrical stabilizers 
(a modified NACA four-digit and an NACA 65 — series airfoil), two 
flat-sided elevators, and three elevators with bulged profiles 
were investigated. The tests covered Ma.ch numbers from approxi- 
mately O. 3 O to 0 . 80 . The pitching-moment and elevator hinge- 
moment characteristics for a model airplane with the various tails 
arc shown. The distribution of pressure ever the tails is presented. 

The data indicate that the modifications to the horizontal— tail 
profile have almost no effect on the pitching-moment characteristics 
of the model, but have a powerful effect on the hingo-moment character- 
istics. The effect of bulging the elevator profile, with cither 
stabilizer, is to improve the control characteristics by eliminat- 
ing or reducing the severity of the reversal of stick forco at 
high speeds and reducing the stick— force gradient. 


INTRODUCTION 

The attainment of supercritical speeds by airplanes in high- 
speed dives has made imperative the determination of the longitudi- 
nal stability and control of those airplanes in the speed range 
above the critical, since many pilots have reported large changes 
in these characteristics in this speed range. As part of a program 
to study stability and control characteristics at supercritical 
speeds, the wind- tunnel tests discussed in this roport were 
undertaken . 

The airplane used as the subject of these tests was chosen 
because it had exhibited nc dangerous longitudinal characteristics 
during recoveries from high-speed dives. It was believed that a 
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knowledge of the factors producing the satisfactory dive— recovery 
characteristics of the airplane would he of value to designers. 

In order to determine the effect of the bulged elevator profile 
of this airplane on the longitudinal— stability and —control character- 
istics, it was felt desirable to test a flat— sided elevator. It was 
also decided to test a stabilizer having a lew-drag airfoil profile 
in conjunction with one flat-sided elevator and two elevators with 
bulged profiles to determine if the satisfactory stability and 
control characteristics could be maintained or improved at the 
same timo that the drag of the airplane was decreased. The five 
different tails were therefore tested on the model at Mach numbers 
from approximately 0.30 to 0 . 80 . 


APPARATUS AltD TESTS 

Tho tests discussed in this report were made in the Ames 
l6— foot high-speed wind tunnel. 

The model represented a U. S. Army pursuit airplane to one— third 
scale and was designed and built at the Ames Aeronautical Laboratory 
according to lines supplied by tho designers of the airplane. 
Pertinent dimensions of the model, together with corresponding air- 
plane dimensions, are given in the appendix. A three— view drawing 
of tho model is shown in figure 1, and photographs are presented in 
figures 2 to 4. 

Drawings and dimensions of tho five tails tested on tho mode 1 
are shown in figures j to 9 . For brevity, these tails will be 
referred to as the H, H 0 , Hi, H 2 , and H3 tails. When not specified, 
the H (standard) tail is implied. 

The plan forms of all tails were the same except that the Ei, 

H £ , and H 3 tails had a tip shape different from that on the H and E 0 
tails and did not have the paddle balances on the clovators. The 
profiles of the various tail3 are summarized in the 1 ollowing 
table : 
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Tail 


Stabilizer Elevator 

section section 


H (standard) 

Ho 

H'l 

Hs 

H 3 


MCA 0011 (at root) 
MCA 0011 (at root) 
MCA 65 2 --010 
MCA 65 p -010 
MCA 652-010 


Bulge 
Flat side 
Flat side 
Large bulge 
Small bulge 


The root chords of the H and H 0 elevators were extended to make 
the actual root thickness of the tails 10.25 percent of the chord. 

The tip section of the H and H 0 stabilizers was similar to the 
MCA 0009 section, although slightly thinner from the point of 
maximum thickness to the elevator hinge line. The actual thickness 
of the tip section was 9.75 percent of the chord. 

The elevator of the H tail was constructed of solid dural. 

The elevators of the other tails were constructed of laminated wood 
screwed to steel cores. The hinge moments for all elevators were 
measured by electric resistance strain gages. 

The investigations of the stability characteristics of the model 
with the H and Ho tails were made with the cooling duct removed. 
(See fig. 3.) This deviation from the standard model was necessary 
because the construction of a duct conforming to new lines developed 
during preceding tests of a full-scale prototype in the 16 — foot 
wind tunnel had not been completed. A comparison of subsequent tests 
of the model with and without the cooling duct, however, indicated 
that the duct had a negligible effect on the pitching-moment coeffi- 
cient. It is also believed that the cooling duct had little effect 
on the hinge— moment data for the 'two tails. 


REDUCTION OF DATA 
Coefficients and Symbols 

The wind-tunnel data were reduced to standard MCA coefficients 
based upon the model dimensions. Pitching moments were computed 
with respect to the normal center— of— gravi ty location. (See appendix.) 
The coefficients and symbols used in this report are defined as 
follows : 
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lift coefficient (lift/qS )-•■ 

pitching-moment coefficient (pitching monent/qSc) 

elevator hinge-moment coefficient (elevator hinge moment /qhQC e ‘'-) 

pressure coefficient [(p-^ - p a )/q] 

critical pressure coefficient (the pressure coefficient 
at which the speed of sound is reached locally) 

Mach number (v/a) 

critical Mach number (the Mach number at which the speod 
of sound is reached locally) 

angle of attack, degrees (The angle is measured relative 
to the fuselage reference line . ) 

elevator angle, degrees (The angle is considered positive 
when the trailing edge is down.) 

indicated acceleration normal to flight path, expressed as 
a factor of the acceleration of gravity 

acceleration due to gravity, ( 32.2 feet per second per second) 

dynamic pressure, pounds per square foot 

velocity of air stream corrected for constriction effects, 
feet per second 

speed of sound in free stream, feet per second 
free-stream static pressure, pounds per square foot 
local static pressure, pounds per square foct 
wing area, square feet 
moan aerodynamic chord of wing, feet 
elevator span, foot 

moan square of elevator chord behind hinge line, feet squared 
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Mach Number Calibration 

After the tests discussed in this report were completed, 
refinements wore made in the methods used to calibrate the wind 
tunnel. (See reference 1.) Since it is believed the calibration 
obtained by these improved methods is more accurate than that used 
during the original testing, the results in this report have been 
based on the later calibration. 


Tunnel— Wall and Tare Corrections 

The corrections applied to the data, to account for the constricting 
effects of the tunnel wall are those discussed in reference 1. Cor- 
rections to account for the induced effects were calculated from 
rcforenco 2. The tare corrections were evaluated by supporting tho 
model at the wing tips (fig. 4) and determining the aerodynamic 
characteristics of tho model with and without the normal support 
system in place . 


RESULTS AND DISCUSSION 
Longitudinal Characteristics of Model 

Lift .— Tho lift coefficient of the model in relation to tho 
angle of attack and Mach number is shown in figure 10. The slope of 
tho lift curve increases from 0.086 to 0.104 botween 0.30 and 0.70 
Mach number. With further increase in Mach number to 0.80, tho 
slope decreases to O.O56. The wind-tunnel data indicate no increase 
in the angle of attack for zero lift with Mach number, a character- 
istic in contrast to that of many wings at high speeds. This is a 
desirable characteristic from the standpoint of longitudinal stability, 
a.s will be discussed later. No well-defined relationship is indicated 
between the critical Mach number of the wing (fig. 11 ) and the Mach 
number at which the lift coefficient for constant angle of attack 
decreases. A comparison of figures 10(b) and 11 shows that up to an 
angle of attack of 4° this Mach number corresponds quite closely with 
the critical value at wing station 62. 33* the station having tho 
highest critical Mach number. 

Pitching moment.— The pitchir.g-momont coefficient of tho model 
with the H tail but with tho cooling duct removed is shown in 
figure 12. The data indicate that -6C m /SCL decroasos as tho Mach 
number is increased from 0.3 0 to 0.70 , with further incros,se in Mach 
number to 0.80, -6c m /oCL shows a largo increase. It will be noticed 
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that tho Mach number of demarcation between decreasing and increasing 
-dCn/dCg coincides with that between increasing and decreasing oCl/o'cx,. 

Figure 12 al30 shows the effect of Mach number on the pitching- 
moment coefficient for constant lift coefficient. The data indicate 
an abrupt decrease in p itching-moment coefficient with increasing 
Mach number above C.6"5 at C.80 lift coefficient and above 0.75 at 
zero lift. This abrupt docroa.se in pitch ing-memont coefficient 
causes the elevator— angle variation with speed to become unstable, 
which if not compensated by the elevator hinge-moment characteristics 
will produce large increases in the pull required on the stick for 
dive recoveries. 

The data for the model with the empennage off (fig. 13) do not 
show an abrupt decrease of pitching-mcment coefficient with increas- 
ing Mach number as do those for the complete model but, on the 
contrary, indicate an increa.se at the high Mach numbers. The 
difference between the pitching-moment characteristics with and 
without the tail must be attributed, therefore, to a decrease in 
download or an increase in upload on the tail. The change in the 
load on the tail is caused primarily by the increase in angle of 
attack of the tail due mainly to the increase of model angle of 
attack with Mach number necessary to maintain a constant lift 
coefficient, but also to a small extent due to changes in the angle 
of downwash from the wing caused by a small outboard shift of the 
lift on the wing at high Mach numbers. Since the ma^or ca.use of the 
abrupt decrease in pitching-moment coefficient with increasing Mach 
number is the increase in the angle of attack of the model, it is 
obvious that this pitching-moment characteristic would be greatly 
aggravated by increases in the angle of attack for zero lift with 
Mach number. As previously stated, tho wing of this model does not 
exhibit these unfavorable lift characteristics, a factor partly 
responsible for the good dive— recovery qualities of the airplane 
at high speeds . 

To a. smaller degree the change in load on the tail is caused 
by the variation of bCi/ba of the tail with increasing Mach number. 
Da.ta. from tests cf the model with different stabilizer angles indicate 
that cSCp/da. of the tail increases with Mach number up to 0.70, but 
decreases with further increase in Mach number. This characteristic 
will aggravate the abrupt decrease in pitching-moment coefficient 
when the tail load is downward, but will relieve it when the load 
is upward. 

Tlie pitching-mcment data, for the model with the other four tails 
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discussed in this report are shown, in relation to elevator angle 
and lift coefficient at a constant Mach number in figures 15 to 18, 
as are those for the H tail in figure 14,. Although the data, for 
the four tails are rather meager with respect to Mach number varia- 
tions, a comparison of these data with those for the H tail indicates 
trends almost identical with those previously discussed. It therefore 
can be said that the changes of elevator profile discussed in this 
report have pc appreciable effect on the longitudinal— stability 
characteristics of the model. 


Elevator Kings -Moment Characteristics 

The elevator hinge -moment coefficients and the pitching-moment 
coefficients are shown in figures 14 to lS for tho five tails tested 
on the model. The elevator angle and the hinge-moment coefficient 
for balance with zero tab ang3.o can the ref ore bo determined at each 
Mach number from these figures. In addition, some of tho more 
important characteristics shown in figures 14 to 18 are summarized 
in table 1 . 

As indicated in figures 14 to 18 and in table 1, the value of 
c)Ch e /dSe at 0.30 Mach number is negative throughout the elevator- 
angle and lift-coefficient range of tho tests for each tail and, 
in addition, is nearly constant. These data also show tiio offoct 
of the bulged elevator profile at 0.30 Mach number. Comparison of 
the results for tho flat-sided elevators with those for the H tail 
(standard) shows that tho average values of 8Ch. 0 /8S e for the H 0 
and Hi tails are approximately 62 and 52 percent more negative, 
respectively, than that for the H tail. For the K 2 and H 3 tails 
the values are approximately 4 and 21 porcont more negative respec- 
tively. It should bo noted that these average values of oCh o /o5 0 
are somewhat different from those shown in the summary table since 
the lattor correspond to zero lift and pitching moment. The values 
in the summary, however, also show the largo beneficial eff oc us of 
the bulged elevator profile. 

Tho data indicate that increasing Mach number up to 0.80 
produces little change in the variation of hinge-moment coefficient 
with elevator angle for the flat— sided elevators. The values 01 
^Ch G /c*&e still are negative throughout the lift— coefficient and 
o lo vat or— angle range of the tests y although somowha.t less negative 
than the values for these elevators at 0.30 Mach number. 

The effect of increasing Mach number on 8Ch e /d&e - or 
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elevators with bill god profiles, however, is pronounced. The data 
indicate that for the H tail the value of 8Ch G /86 0 does not remain 
negative throughout tho lift— and elevator— angle ranges at higher 
Mach numbers, but becomes positive at C 60 Mach number, 0.60 lift 
coefficient, and — l c elevator .angle. This overbalance with respect 
to elevator deflection increases with Mach number, extending over 
a range of 5° elevator angle at 0.80 Mach number . The Hg tail 
shows even a longer variation of 8Cii e /6& 0 with Mach number than 
does tho H tail. At 0.80 Mach number the quantity is positive over 
a 6° rango of elevator deflection. For tho H3 tail 8Ch 0 /85 c 
varies with Mach number tc a losser extent than for either the H or 
¥.2 tail and no overbalance is indicated within tho rango of the tests . 
At 0.80 Mach number, however, tho average value of dC’i e /d& c is 
approximately 30 percent loss negative than at 0.30 Mach number. 

An insight into tho causes of the variation of 6Cho/8&e with 
increasing Mach number for tho elevators with a bulged profile is 
shown by the prossure distribution over the elevator surfaces. 

These data are shown in figure 19 for the fivo tails tested at 
elevator angles from -4° to 4°. A comparison of the data for the H 
and Ho tails shows that the bulge causes a large pressure peak to 
occur on both the upper and lower surfaces varying from approximately 
60 to 80 percent of the tail-plane chord. At G.30 Mach number the 
peaks on the upper and lower surfaces tend to oppose each other and, 
therefore, do not alter to a great extent the resultant load on the 
elevator. In general, a decrease in elevator angle increases the 
download along tho entire elevator chord as indicated for tho H 0 
tail. With variation in elevator angle the load on tho elevator does 
change more near the hinge lino ana less aft of the 80-percent— chord 
station for the H tail than for the H 0 tail. At 0.80 Mach 
number the effect of the bulge on the lower surface is similar to 
that at O.3O Mach number, but there are large changes in tho pressures 
on the upper surface. For example, for an elevator-angle movement 
from 4° to 0°, tho prossure peak moves aft from 70 to 78 percent of 
the chord and the coefficient decreases from -0.64 to— 0.77 at 0.80 
Mach number; whereas, at 0.30 Mach number, tho peak moves aft from 
72 to 77 percent of tho chord and tho coefficient increases from 
-O.56 to -0.46. The result of tho largo changes in pressure distri- 
bution on the upper surface is to alter completely the load distri- 
bution on tho H elevator from that on the H 0 elevator. Aft of 
the 75-porcent-chord station the variation of load with elevator . 
angle is opposite that for the H 0 tail, thereby causing the over- 
balance indicated by tho H tail. 

The data for the elevators of tho low-drag tails (Hi, H2, and II3) 
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indicate phenomena somewhat different from that discussed for the 
H a.nd H 0 tail. The pressure peaks on the elevators with the 
bulges occur at approximately 85 percent of the chord and neither 
elevator angle nor Mach number variation alters the location of tho 
peak. The data also indicate that increases of Mach number affect 
the pressures over the bulge on both the upper and lower surfaces 
equally. Near tho hinge line, tho variation of load with elevator 
angle is similar for tho three tails at all Mach numbers. Wear the 
trailing edge, however, the bulges on the elevator profile cause a 
reversal in tho variation of load with elevator angle, which 
becomes more pronounced with increasing Mach number. Since it 
occurs near tho trailing edge, tho reversal of load variation with 
elevator angle has a largo effect on the hinge-moment coefficient. 

The data of figure 19 also indicate that the pressure coefficient 
for the H tail considerably exceeds the critical pressure coeffi- 
cient at 0.80 Mach number. Tho bulges on the low-drag tails wore 
designed to reduce the large pressure peaks on the elevator. Tho 
data, indicate that the pressure coefficient for the H 2 'tail 
slightly exceods the critical at 0.80 Mach number .and that for the 
H 3 tail it remains subcritical throughout the range of the tests. 

The da. to. of figures 14 to 18 and table I also indicate the 
effect on 8Cft e /c)Ci, of tho bulge on the oleva.tor profile . At 
0.30 Mach number, the quantity is negative for both the flat-sided 
elevators throughout the lift— coefficient and elevator— angle range 
of the tests . With increasing Mach number tho quantity tends toward 
zero and becomes slightly positive for both olevators o..t 0.80 Mach 
number over a portion of the elevator-angle range. For the E, H 2 , 
and H 3 elevators, dC^/oCx, is positive throughout nearly the 
entire range of the tests and varies almost directly with tho 
algebraic value of 8C]i c /c)Se. Hence, tho largest positive value of 
8Ch 0 /SCL occurs at 0.80 Mach number for tbe E 2 tail, the tail 
having the greatest overbalance with respect to elevator deflection. 
This variation of hinge-moment coefficient with model lift coeffi- 
cient counteracts the overbalance with respect to elevator deflection. 
It is sufficiently^ large to indicate tha,t no overbalance will occur 
in the Mach numbor range of tho teste. For tho H tail, though, 
tho decrease in oCh c ,/c'Cx J and the increase in 8Ch 0 /85c in the 
elevator— angle range required for balance at 0.80 Mo.ch numbor 
indicate that overbalance ma.y possibly occur e.t higher values of 
Mach numbor. 

The effects on the hinge -moment characteristics of tho bulge 
on the H and E 2 tails also indicate tho possibility of an 
instantaneous reversal of stick force during rapid maneuvering. 
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If the attitude of tho airplane is such that it is flying in a 
region for which both dChe/SSe and dCho/^CL are positive, 
a rapid stick movement- might produce a stick force opposite to 
normal duo to the positive value of dCfc G /d&p . Af tor the airplane 
responds to tho elovator movement, tho stick force will become 
normal again because of tho positive value of dCh 0 /dCi,. Thoro 
have been no reports of such a. reversal occurring in flight, however. 

Figures 14 to 18 and table I also indicate the large effect 
of the bulged elevator profile on the elevator angle corresponding 
to *zero hinge moment. For both of the flat— sided elevators, the 
elevator angle corre spending to zero hinge moment and zero lift 
decreases slightly more than 1° from 0.30 to 0.80 Mach number. 

For a similar variation of Mach number, the H, H2.. and H3 tails 
undergo decreases of approximately Uif 0 , 8 °, and 3 U * respectively. 

This floating characteristic of the elevators with a bulge on the 
profile will tend to pull an airplane using such surfaces out cf 
a dive a3 the Mach number is increased. It is probably largely 
responsible for the good dive-recovery characteristics of the 
pursuit airplane with the standard tail. 

In general, it can be said that the effect of the bulge on 
the elevator profile is to cause both 80ja e /c5@ and oChe/^Cl, 
to become less negative and even attain positive values over 
portions of the test range; that is, their values increase algebra- 
ically. Increasing 8Ch e /8?> e algebraically tends to reduce the 
stick-force gradient, and increasing 8Che/°C^ tends to increase it. 
However, since for this model the effect of oCh G / 8S@ on the stick- 

force gradient is between six and twelve times greater than that of 
dChe/dCL, the effect of the bulge on the elevator profile, in general, 
is to reduce the stick force gradient. 


Calculated Characteristics of Airplane 

Stick force and elevator angle .— The over- all effect of the 
various parameters previously discussed can best be shown by 
calculating the stick force and elevator angle for the airplane 
in various altitudes of flight. Consequently, the calculated 
control characteristics of the airplane with the various horizontal 
tails are shown in figures 20 to 23. It must be remembered in 
viewing these results that these stick forces were computed from 
data obtained with solid model elevators. The stick— force character- 
istics of the full-scale airplane probably differ from those 
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discussed hero due to distortion of the fabric or motel surfo.cos of 
tho clove. tor. However, this fact should not influence the discussion 
of the relative merits of tho various tails. In figure 20 tho 
variation of stick force and elevator angle with true airspeed is 
3hown for tho airplane with the H tail (standard tail) at five 
different -altitudes. 'The data indicate that the variation of 
elevator angle with airspeed is unstable above speeds ranging from 
575 miles per hour at soa level (approximately 0.75 Mach number) 
to 470 rnilos per hour at 40,000 foot altitude (approximately 0.70 
Mach number) . Tho stick-force variation with airspeed for zero 
tab setting is stable, however, throughout tho entire spood range 
of tho tests up to 30,000 feot altitude. This is duo to tho float- 
ing characteristics of tho elevator previously mentioned. 

Tho airspeed above which tho variation of the calculated 
elevator angle with speed is unstable (stick— fixed instability) is 
shown in figure 21. The curve was obtained by cross-plotting the 
data from figure 20. Figure 21 also shows the airspeed above which 
the airplane is indicated to be unstable with the stick free . Stick- 
free instability is defined as an unstable variation of stick force 
with airspeed at the trim speed. The data, indicate ohat the airplane 
equipped with the H tail will be stable with the stick free for 
20 to 40 miles per hour higher speed than with the stick fixed. This 
characteristic, although beneficial in the Mach number range of these 
tests, might prove undesirable at higher values. The pilot might be 
unaware that he was applying more up-elevator deflection because of 
the continuance of stick— free stability or of the pcssioly low sticx 
forces when the airplane became unstable stick free. It is therefore 
possible he would allow the airplane to reach a Mach number at which 
the remaining stick travel would be insufficient to effect a 
recovery. 


The variation of stick force and elevator angle with airspeed 
for the tests of the five tails are shown in figure 22. The data 
indicate that the changes in elevator profile made during these 
tests have no effect on the stick-fixed stability; stick-fixed 
instability occurs at approximately the same airspeed for all tails. 
The changes in the elevator profile 6.0 affect greatly the variation 
of stick force with airspeed. The data indicate that the stick-force 
variation with airspeed for the H2 tail will remain stable to a 
speed above that for the H tail and above the range of the tests at 
zero tab angle. The push force with the H2 tail also snows a. 
greater increase with airspeed than that with the H tail. Although 
the push force with the Es tail- increases more with airspeed than 
that with the II tail, the data shew a reversal of stick force 
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3.t the hj.gh speeds. With the Hq and Hi tails 3 . reversal in the 
variation of stick force-* with airspeed also occurs at approximately 
the same speed a.s that for the kg tail. Hie reversal with the Hq 
and Hi tails, however * is much mor.e severe. Such a reversal in 
stick force is indicative that large pull forces would he required for 
dive recoveries. It occurs because the hinge-moment characteristics 
of the flat-sided elevators have not compensated for the stick-fixed 
instability as have those of the bulged elevators. 

Stick- -f orce gradien t .— In order to simplify the computation 
of the stick forces for the airplane in accelerated flighty it was 
assumed that for normal accelerations greater than lg the airplane 
was at the bottom of a pull-out and for normal accelerations of lg 
or loss the airplane flight path was straight. 

The variation of stick force with normal acceleration for the 
airplane at several altitudes and speeds is shown in figure 23 for 
each of the five tails tested. The data indicate that the stick— 
force gradient with the tail (low-drag stabilizer, large bulge 

on elevator profile) is smaller than that with the other tails below 
53 ? miles per hour at sea level and ^00 miles per hour at 20,000 feet 
altitude (approximately 0.70 Mach number). At the higher speeds and 
low accelerations . the H tail (standard) shows the smallest 
gradient. As previously mentioned, the very small value and the 
trend, of the stick— force gradient with the H tail at the' highest 
speed indicates that overbalance may occur at speeds above the 
maximum of the tests. At all speeds the H c tail (standard 
stabilizer, flat— sided, elevator) shows the largest gradient. On 
the other hand the stick— force gradient with Hi tail (low-drag 
stabilizer, flat-sided elevator) compares quite favorably with the 
gradients for the ether low— drag tails at high speeds. 


CONCLUSIONS 

Wind-tunnel tests to determine the effect of modifications to 
the profile of the horizontal tail on the longitudinal static 
stability. and control characteristics of a pursuit airplane indicate 
the following: 

1. With the exception of small changes in the elevator angle 
for zero pitching moment, the profile changes have almost no effect 
on the pitching-moment characteristics of the mod, 1. 

2. The effect of a bulge on the elevator profile with a 


KACA TN No. 1302 


13 


stabilizer having either a modified NACA four— digit or a 65 — series 
airfoil profile is to change the quantities dCh e /d6 e an(i ^ C h e /^ C L 
from negative values to smaller negative or positive values and to 
cause the elevator angle corresponding to zero hinge moment to 
become more negative with increase in Mach number. 

3. With either stabilizer, the flat-sided elevators produce 
a severe reversal in the variation of stick force witn airspeed at 
high speeds. A small bulge on the elevator with the low drag 
stabilizer reduces the severity of the reversal appreciably, but 
does not increase the speed at which it occurs. A large ouxge on 
the elevator with either stabilizer eliminates the reversal through- 
out the wind-tunnel test range . 

4. The effect of the bulged elevator profile is to reduce the 
stick— force gradient. 

Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 

Moffett Field, Calif . , March 194-7. 
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APPE15DIX 

AIP.PL/-1IE AM) MODEL DIMENSIONS 



Model 

Airplane 

Wing aroa, square foot 

25.91 • 

233.19 

Wing mean aerodynamic chord, feet 

2.21 

6.6 3 

Wing span, feet 

12 .. 3b 

37.03 

Aspect ratio of wing 

5-39 

5.89 

Wing incidence at root, degrees ...... 

1.00 

1.00 

Elevator span (one elevator) , feet 

2.013. 

6.040 

Mean square of elevator chord behind hinge 
line, feet squared . . 

.133 

1.196 

■Tail length (25 percent to elevator 

hinge lino), feet 

5.75 

17.25 

Stabilizer sotting from fuselage 

reference line (all tails), degrees . . . 

2.00 

2.00 

Normal contor-of -.gravity location 



Percent mean aerodynamic chord ....... 

— 

24.60 

Distance bolow fuselage reference 

line , inches 

— - 

10.60 

Relation of stick force to elevator 

hinge moment, pounds per pound-foot . . . 

— 

.602 
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TABLE I.- SUMMARY OF ELEVATOR HINGE- MOMENT CHARACTERISTICS 
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Figs. 2,3 



Figure 2.- The P-51B model in the l 6 -foot wind tunnel. 



Figure 3 .- The P-51B model with the cooling duct removed. 
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Fig. 4 



Figure 4.- The P-51B model supported at the wing tips and 
at the tail. 
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F/6 ore F - D/mens/ona l Data For H 7a/ l. 

(Standard Tail) 


Fig. 6 
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F/oure 7. - D/mens/onal Data Fog H, Fa/l. 

(Low- Drao 7a /l) 


Fig. 8 
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F/6Uee S. - D/mens/onal. Data For Ft 2 Ta/l., 

(Low- Drag Ta/l.; Large. Bulge On ElevatorJ 
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F/Guga 9- D/mems/oajal Data Fog H 3 Ta/l.. 
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Fig. 10a 
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Figure /O.-The lift coefficient 
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(b) /n relation to Mach number 
Figure /O.- Concluded ■ 



Fig. 11 
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Figure //. - The critical Mach number at four 
stations on the wing. 
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Fig. 12 
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r /'c/ure The 
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O 6 e/e r&for 


pitching- moment coefficient of 
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tail, 


Fig. 13 
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Figure /3,~ The pitching- moment coefficient of 
The model with the empennage and cooling 
duct removed. 
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Fig. 14a 



(a) 0.304 Mach number. 

ft gure /4 .-The pitching- moment and elevator hinge- 
moment coefficients of the model with the H tail 
Coof/nqf duct re moved ■ 


Fig. 14b 
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(b) 0.403 Mach number, 
figure /4-~ Continued ■ 
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Fig. 14c 




(c) 0.504 Mach number, 
figure i^rContinued . 


Fig. 14d 
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(d) 0.606 Mach number. 
Figure Continued . 


NACA TN No. 1302 


Fig. 14e 




f~ igure 


(e) 0.654 Mach number, 
/■?.- Conti nued, 


Fig. 14f 
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(f) 0 704 Mach number, 
figure /4~ Continued . 
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Fig. 14g 
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(g) 0.72.Q Mach number, 
'/gure M - Conti nued , 


Fig. 14h 
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F igure 


(h) 0.754 Mach number. 
/4~ Cont > n ued • 
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Fig. 14i 




(i) 0-779 Mach number. 
f~igure /9.~ Continued, 


Fig. 14j 
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(J) O. 80 Mach number, 
Figure Concluded > 
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Fig. 15a 



(cr) 0.304 folate h number 

figure IS,- She pitch ing -moment and e/e vat or hinge- 
moment coefficients of the model with the 
tt 0 ton/. Cooling duct removed. 


Fig. 15b 
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(t>) 0.P04 Mac.h number, 
Figure /5i" Cont/ rtued . 
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Fig. 15c 
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(a) O. PS -4 Moch number. 
S/gure JS.~ Continued . 


Fig. 15d 
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(d) O. 80 Mach number, 
Figure / 57 ~ Conc/uc/ed • 
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Fig. 16a 



(a) 0. 304 Mach number. 

Figure /6*-7~he pitching - moment and elevator hinge- 
moment coefficients of the model wrth the 
H / tat /. 


Fig. 16b 
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(b) 0.704 Mach number. 
Figure /G. ~ Continued . 
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Fig. 16c 



Cc) O. 754 Mach num ber. 
Figure /6.- Continued. 


Fig. 16d 
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ic/ ure 


(d) 0.80 Mach number. 
/6,- Conc/ud ed. 
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Fig. 17a 




(a) 0.304 Mach number. 

Figure /?.~ ~The pitching -moment and elevator hinge- 
moment coefficients of the mode / with the 
Hz ta/i. 


Fig. 17b 
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(b) 0.70 4 Mach number, 
figure /?. ' Conti nued. 
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Fig. 17c 
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(c.) 0.7 54 Watch number. 
Figure /7,~ Continued. 


Fig. 17d 
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( a/)O.QO F7o/c.h num/oor. 
Figure F?.~ Conduc/eol, 
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Fig. 18a 




(a) 0.30-4 Watch number. 

Figure /<S. ~ The pitch ing -moment and elevator hinge- 
moment coefficients of the model with the 

H 3 fa ft. 


Fig. 18b 
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(b) O. ?OA Mach number. 
Figure /Q. -Continued* 
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Fig. 18c 




(c) 0.754 Maoh number, 
figure / 8. Cont inued . 


Fig. 18d 
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(d) 0.80 Mach number, 
figure /3 Concluded . 
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Fig. 19a 
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Fig. 19c 
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(d) /4 /o //. 

F/cjure /9.- Continued, 
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(e) H 3 fcn'J 

figure /?.- Co nc.!u dec/ ■ 
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Figure ZOrPred/cted sticA force and elevator angle 
of the a/rjo/a ne rr> /eve I flight at several 
cy/f i fades. H tail. 
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Fig. 21 
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F/gure P I .-Predicted ve loci ti es above which the 

aino/cme is unstable sticK fixed and sf/cK 
freo in level flight . H tail • 


f’/evator Angle - deg. 5 tic k /r 0 rce - l/b. 


Fig. 22a 
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(a) Sea level. 

F /of ore cictrPred/c. teo> stick force and elevator angle 

of the airplane m level flight with several 
types of horizontal tail. 
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Fig. 22b 
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(b) (20,000 feet or it i+uole 
Figure 22.- Concluded. 


St/ c/c Force - /b, Stick Force - /b. 


Fig. 23a 
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(a) Sea level, 
figure f3/Preo : ctjd stick forces for the o'/ r/o/a ne 
w/th several types of horizontal tail. 


3tic.k Force ~JJo» Stick Force — /£>• 
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Fig. 23b 
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(Jo) <20,000 feet aJt'/tud e 
Figure £ 3 r Concluded- 
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figure £4r Predicted chctracferi sties of the an rjo/<yr>e m <y ve rt icai / 
dive with zero pro foe II er thrust' 


Fig. 24 NACA TN No. 1302 
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Fig. 25a 
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(a) in relation to lift coefficient. 
F/gure ~ T he drag coefficient 


Fig. 25b 
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(fa) ho relation to Mach nunn her. 
Figure £5.~ Concluded. 


